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Abstract 


Thirteen organic compounds capable of forming chelate complexes were used 
to fix copper in cotton duck. Their rotproofing effectiveness was then deter- 
mined by the loss in tensile strength during soil burial. The compounds tested 
were, in order of decreasing effectiveness, cupferron, 8-hydroxyquinoline, 1- 
nitroso-2-naphthol, dimethylglyoxime, salicylaldoxime, glucose oxime, diphenyl- 
thiocarbazone, rhodanine, benzoin oxime, s-diphenylcarbazide, acetoin oxime, 
and fructose oxime. Copper complexes formed with cupferron and 8-hydroxy- 
quinoline possessed rot resistant properties far superior to those of copper 
naphthenate or any of the other compounds tested. 


Introduction 


Since the discovery of the Bordeaux Mixture, the application of copper 
compounds to various problems of fungal control has been most extensive. 


For the purpose of rotproofing textiles, compounds that have received most 
attention are copper salts of organic acids, particularly the copper napthenates. 


Organic reagents that form chelate complexes with heavy metals have 
received very little attention as fixatives for copper in textiles. Zentmyer (6) 
showed that 8-hydroxyquinoline is an active fungistatic compound. Hatfield 
et al. (3, p. 38) used it to fix copper and other metals in textiles and found 
that this gave them resistance to rotting. Dimethylglyoxime has also been 
shown in these laboratories (4) to fix copper in fabrics, thereby conferring a 
degree of rot resistance superior to that of the widely used reference com- 
pound, copper naphthenate. 

The purpose of the present work was to compare the rotproofing effective- 
ness of a number of cupric complexes of organic compounds capable of forming 
covalent linkages with metals. The compounds used were 8-hydroxy- 
quinoline, dimethylglyoxime, salicylaldoxime, benzoin oxime, acetoin oxime, 
fructose oxime, glucose oxime, 1-nitroso-2-naphthol, ammonium nitrosophenyl- 
hydroxylamine (cupferron), rhodanine, diphenylthiocarbazone, and s-diphenyl- 


1 Manuscript received in original form March 10, 1947, and, as revised March 4, 1948. 
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Canada. Issued as Paper No. 63 on the Industrial Utilization of Wastes and Surpluses, and as 
N.R.C. No. 1761. 
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carbazide. Since the utilization of Canadian peat residues was under study 
at the time, the copper compound formed from ammonium humate* was 
included. 

A preliminary soil burial test showed that cupferron, 8-hydroxyquinoline, 
1-nitroso-2-naphthol and dimethylglyoxime were the most promising; there- 
fore, these were compared with each other and with copper naphthenate over 
a wider range of copper concentrations. 


Experimental and Results 
MATERIALS 


Glucose, fructose, and acetoin oximes were prepared by treating the carbonyl 
compounds with hydroxylamine in alcoholic solution at room temperature for 
30 days. They were not isolated but the solutions obtained were diluted and 
used directly. A commercial grade copper naphthenate containing 10% 
copper was used in Stoddard solvent. The other organic compounds were 
obtained from Eastman Kodak Co. No. 8 unbleached cotton duck (18.5 
oz. per sq. yd.) was chosen as a suitable fabric for impregnation. 


PRELIMINARY COMPARISON OF DIFFERENT TREATMENTS 


In the preliminary test it was assumed that varying the amount of organic 
compound put into the fabric would cause a variation in the amount of 
copper fixed. Accordingly, strips of cotton duck 6 by 11} in. were treated in 
pairs with varying amounts of the organic reagents, mostly in ethanolic 
solutions. It was found necessary to add 1% of ethanolamine to the alcohol 
to dissolve diphenylthiocarbazone. Ammonium humates were applied to the 
fabric from boiling aqueous baths in serial dilutions from 3.0 to 0.09%. 
Subsequent to treatment, the strips of duck were dried in a horizontal position 
over a bed of nails held in position by a pressed wood fiber base. The hori- 
zontal drying, with frequent turning, was designed to give even impregnation 
with minimum draining. 

Copper was fixed in the dried treated fabrics by immersion in an aqueous 
2.5% cupric acetate solution. After two hours the fabrics were air-dried, 
then leached for two hours in running water. The glucose oxime complex 
was somewhat soluble, hence it was leached for only one hour. 

The treated fabrics were cut into strips 6 by 2} in. For each treatment, 
eight of these strips were buried at random; this allowed two lots of 40 
breaking strength samples of 1 in. width for each compound. The soil used 
was a composted sandy loam moistened to 70% of its water holding capacity. 
It was in deep flats in a room maintained at 95 to 98% relative humidity at 
a temperature of 86° F. 


Samples were dug up after 21 and 56 days’ burial, washed free of soil, 
conditioned at 65 + 2% relative humidity and 70° F. before breaking tests 


* Kindly supplied by Mr. C. W. Davis, Division of Chemistry, National Research Labora- 
tories, Ottawa, Canada, 
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were made. The weft breaking strength of the strips, each ravelled to 1 in. 
width, was determined on a Scott tester—with clamp jaws set 3 in. apart. 


The results of the soil burial tests are shown in Table I. Although the 
organic reagents had been applied in one, two, three, four, and five millimole 
quantities, for each 6 by 11} in. strip, the range of copper concentrations was 
narrower than that expected; this made it difficult to compare treatments 
on the basis of equal amounts of copper fixed. However, there were wide 
differences in the rotproofing capacity of the different compounds; thus it was 
possible to select a few superior ones for further work. Thus dimethylglyoxime, 
8-hydroxyquinoline, 1-nitroso-2-naphthol, and cupferron were chosen and 
compared with copper naphthenate in the experiment described below. 


TABLE I 


Loss IN TENSILE STRENGTH OF BURIED COTTON DUCK TREATED WITH COPPER-ORGANIC 
COMPOUNDS 


Breaking strength as % 
Original of original* 
Organic compound Copper content, breaking -|————— 
used to fix copper % of dry weight strength’, After After 
Ib. /in. 21 days’ 56 days’ 
burial burial 


None Nil 230 Nil Nil 
Fructose oxime .61 - 1.79 214 27 Nil 
Acetoin oxime .40 .49 201 60 2 
s-Diphenylcarbazide .66 .80 233 28 1 
a-Benzoin oxime 91 iz 186 58 15 
Rhodanine .90 .10 216 86 28 
Diphenylthiocarbazone 45 55 174 94 18 
Glucose oxime .68 ee 198 94 21 
Humates .58 a5 208 113 28 
Dimethylglyoxime .18 .24 : 98 48 
Salicylaldoxime .48 .54 ‘ 124 61 
8-Hydroxyquinoline .79 91 4 91 80 
1-Nitroso-2-naphthol 47 .65 111 98 
Cupferron .50 .69 : 130 121 


coccococecoeore} 
coococoorrore 














* Based on an average of 24 to 40 individual breaking strength determinations. A breaking 
strength of ‘nil’ means the duck was rotted so badly no complete strips could be found. 


It should be noted from Table I that certain treatments lowered the original 
breaking strength of the strips. After burial in the soil for three weeks, those 
strips not readily attacked by molds actually showed an increase in strength 
up to the level of the original untreated material. These differences may be 
due to the initial presence of abrasive crystals in the treated fabric and to 
their subsequent removal during soil burial. 


COMPARISON OF THE Most PROMISING TREATMENTS 


Impregnation of Fabrics 


[he method of impregnation in the first experiment made it difficult to 
control the amount of copper fixed, and, in some instances, affected the initial 
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breaking strengths. Therefore, further studies were made in this respect on 
each of the selected compounds. It was found that the amount of copper 
fixed was best controlled by varying the concentration of the copper bath 
rather than the amount of organic compound. Since these details are im- 
portant, the exact procedure for each treatment is as follows. 

Copper naphthenate-—A commercial grade copper naphthenate containing 
10% copper was applied from solution in Stoddard solvent (1). Concen- 
trations of 5, 10, 17, and 20% naphthenate in the solvent were found to 
provide for uptake on the fabric of 0.22, 0.57, 0.96 and 1.1% copper. 


Copper dimethylglyoxime.—Dimethylglyoxime was applied to the duck from 


a saturated solution in water at 92° to 94°C. The individual strips of duck 


were thoroughly wetted out as they were introduced to the solution, allowed 
to remain in the treating bath for 20 min., rolled between blotters and air- 
dried. Copper’ fixation was obtained by immersing the duck in aqueous 


solutions at 1.1, 2.5, 3.5, and 6.0% cupric acetate. The amounts of copper 
fixed were found to be 0.4, 0.6, 0.85 and 1.2% of the dry weight follow- 
ing water leaching. Lower copper bath concentrations were found to be 
impractical for the fixation of a lower percentage copper on the fabric. A 
nonsaturated hot aqueous bath of dimethylglyoxime supplied an even impreg- 
nation of the oxime on the duck, which, fixed by a 1.1% copper acetate 
solution, supplied a final 0.2% copper. The copper treated fabric was dried 
by rolling between blotters and by exposure to air. In the tests with dimethyl- 
glyoxime it was found that hydrogen ion concentration in the copper bath, 
and the relation between concentration of the organic compound on the duck 
and the concentration of copper in the aqueous cupric acetate bath, are 
important factors governing this fixation. 


Copper cupferron.—The cotton duck to be treated was immersed in an 
aqueous bath at room temperature containing 200 millimoles cupferron per 
liter and 0.01% Gardinol wetting agent. It was then partially air-dried in 
a horizontal position and immersed in cupric acetate baths of 0.5, 2.0, 
3.5, and 6.0% to give concentrations in the fabric of 0.23, 0.60, 0.92, and 
1.1% copper. The 6.0% copper bath contained just the excess of ammonia 
necessary to redissolve the copper. It contributed much more color to the 
fabric than the baths of low copper percentage containing no ammonia. 


Copper 8-hydroxyquinoline.—A two-bath method recommended by_ the 
Monsanto Chemical Company (3, p. 38) was used. Thus the 8-hydroxy- 
quinoline was converted to the acetate by boiling in glacial acetic acid and 
the resulting solution diluted with water to the desired concentration. The 
fabric was wet out with 0.01% Gardinol, rinsed several times in water, and 
finally treated by exposure to the solution of the organic compound at 94° C. 
for 20 min. Copper was fixed in the treated fabric only in acid solutions 
(pH 5.5 ca.) of cupric acetate. The concentrations of the treating baths 
are given in Table II, together with the resulting concentrations of copper on 
the fabric. 
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Copper 1-nitroso-2-naphthol.—The satisfactory impregnation of 1-nitroso- 
2-naphthol copper complex over a range of copper uptake values proved very 
difficult. Upon repeated occasions, it was found that the amount of copper 


TABLE II 


COPPER CONCENTRATIONS ON FABRIC FOLLOWING TREATMENT WITH 
8-HYDROXYQUINOLINE AND COPPER ACETATE SOLUTIONS 





Treating baths 


tO ———— Copper on fabric, 
8-hydroxyquinoline, Copper acetate, %d 


oO oO 


fixed following treatment with a saturated solution of 1-nitroso-2-naphthol 
in 95% ethanol was less than that fixed in copper baths of identical concen- 
tration following treatment with just one-half as much of the organic com- 
pound. For the burial test, a range of treatments was used in which from 
1 to 5 millimoles of the organic compound was applied to each 6 by 11} in. 
piece of fabric. The uptake following treatments is shown in Table III. 


TABLE III 


COPPER CONCENTRATIONS ON FABRIC FOLLOWING TREATMENT WITH 
1-NITROSO-2-NAPHTHOL AND COPPER ACETATE SOLUTIONS 


Treating bath 
SO] Copper on fabric, 
1-nitroso-2-naphthol, Copper acetate, % dry wt. 
o7 o7 
70 70 


1.3 in benzene 
2.6 in ethanol 
0.16 in ethanol 
0.43 in ethanol 
2.6 in benzene 


Soil Burial Test 


The conditions of soil burial were similar to those described for the first 
experiment. For each concentration of the five different treatments, eight 
fabric samples, 6 by 2} in., were buried at random in a vertical position with 
the upper end just exposed to view. In this way it was possible to obtain 
visible evidence of rotting without disturbing the samples. Four samples 
of each‘treatment were dug up after 35 days and the remainder after 90 days’ 
burial. The breaking strengths were then determined as described above. 


The results of the soil burial experiment are illustrated in Plate I and the 
tensile strengths presented in Table IV. Copper naphthenate was the least 
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effective of the compounds tested, all samples being completely disintegrated 
after 90 days’ burial. Even after 35 days, at the highest copper concentrations 


TABLE IV 


EFFECTIVENESS OF MOST PROMISING TREATMENTS IN PRESERVING TENSILE STRENGTH OF 
BURIED COTTON DUCK* 














Breaking strength as % 
Original of originalt 
Copper content, breaking 
Treatment % of dry weight strength, After After 
Ib. /in. 30 days’ 90 days’ 

burial burial 

None Nil 230 Nil Nil 
Copper naphthenate 0.22 225 Nil Nil 
0.57 215 1 Nil 

0.96 226 14 Nil 

Lt 255 37 Nil 

Copper dimethylglyoxime 0.20 218 6 Nil 
0.40 208 57 Nil 

0.60 211 65 Nil 

ae 185 68 14 

Copper 1-nitroso-2-naphthol 0.17 232 Nil Nil 
0.35 242 2 1 

0.65 226 14 2 

0.70 243 91 59 

1.0 239 _— 91 

Copper 8-hydroxyquinoline 0.22 234 76 62 
0.38 190 97 74 

0.52 205 89 80 

0.76 207 98 99 

0.87 234 85 93 

0.90 202 113 99 

Copper cupferron 0.23 233 96 73 
0.60 235 98 99 

0.92 218 107 107 

ad 210 115 108 











* No. 8 cotton duck buried in biologically active soil. 
+ Standard deviation of means was +15 lb.; each figure is average of eight breaks. 


t A breaking strength of ‘nil’ means that the duck was rotted so badly no complete strips could 
be found. 





EXPLANATION OF PLATE I 
Strips of copper organic treated duck after soil burial for 35 days: 


Copper 
Label Treatment content, % 
A Copper dimethylglyoxime 0.20 
A “s - 0.60 
B,* Copper naphthenate 0.22 
B 6 a 0.57 
CQ Copper-cupferron 0.23 
Cc a3 ag 0.60 
D,* Copper 1-nitroso-2-naphthol 0.17 
D “ “ “ 0 : 70 
Ey Copper quinolinate 0.22 
E “ “cc 0. 76 


* Samples B, and D, were too far disintegrated to photograph. 
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the tensile strength was decreased to one-third of the original. The strip 
containing the lowest concentration of copper had disintegrated. Copper 
dimethylglyoxime was superior to both copper naphthenate and copper 
1-nitroso-2-naphthol at the low copper concentrations, but inferior to the 
latter at high concentrations. As shown in Plate I, mold attacked it in 
localized areas, causing marked spotting of the fabric. 


The 8-hydroxyquinoline and cupferron treatments were markedly superior 
to the others, there being no significant decrease in tensile strength even after 
90 days’ burial, if the copper concentration was 0.60 to 0.70% or higher. 
Cupferron may be slightly better at the lower copper concentrations. Except 
for slight spotting on these at the lowest copper concentration, there was no 


visible attack by molds. 
Discussion 


Of the two compounds most effective in providing rot resistance when 
fixed in cotton duck as chelate copper complexes, we prefer cupferron because 
it can be applied from aqueous solution at room temperature and because the 
treatment does not impart much color to the fabric. The color conferred was 
pale blue green to light bluish grey, while the color of the copper quinolate 
treated strips was strong yellow. 

These studies arose from wartime ‘tropicalization’ work, and have now been 
discontinued. Since their termination, the weathering characteristics of 
cotton tenting treated with copper cupferron have been investigated by 
others (5) and compared with those of fabric treated by the standard cupram- 
monium process. Similar weathering data have been published for cotton 
duck containing the copper compounds formed by 8-hydroxyquinoline and by 
dimethylglyoxime (2). 

It is hoped that investigators whose primary interests include fungicides 
will explore the potentialities of cupferron and other chemicals that form 
chelate copper complexes. 
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THE RAPID DETERMINATION OF LOW CONCENTRATIONS 
OF CARBON MONOXIDE IN AIR! 


By Morris Katz? AND JOHN KATZMAN® 


Abstract 


A granular form of silver permanganate on a zinc oxide carrier has been found 
to oxidize carbon monoxide in air at ordinary temperatures and at high space 
velocities. There is no noticeable change in activity over the range of 30 to 
100% relative humidity of the air, although a small amount of water vapor is 
essential to initiate the combustion of carbon monoxide. The above properties 
have been utilized in the rapid determination of low concentrations by measuring 
the heat of oxidation in a thermocouple cell. The relation between the potential 
of the thermocouple junctions and the concentration of carbon monoxide is 
linear over the range of 0 to 600 p.p.m. at a definite space velocity. With 
increasing flow rate at a constant concentration the potential rises rapidly toa 
maximum, but in the range of optimum flow the flow rate may be varied con- 
siderably without producing a major change in e.m.f. The thermal efficiency is 
about 81% at the optimum flow rate. Hydrogen, unless it is present in amounts 
considerably in excess of the carbon monoxide concentration, does not introduce 
an appreciable error in the determination. The method is applicable to the 
field determination of considerably less than 0.005% carbon monoxide in air 
and the degree of precision is about equal to that of most laboratory methods. 
Twenty to twenty-five cubic centimeters of the material will give a useful life of 
over eight hours in continuous tests on concentrations below 0.1% carbon 
monoxide. 


Introduction 


The detection and quantitative estimation of low concentrations of carbon 
monoxide in air is a matter of prime importance in safeguarding the health 
of personnel in industrial plants, mines, vehicles, and aircraft where this 
gas may occur in physiologically significant concentrations. At ordinary 
altitudes exposure to 0.01% for several hours may be tolerated without any 
noticeable effects, but at high altitudes, especially above 10,000 ft., as little 
as 0.005% may impair the efficiency of a pilot in an aircraft, with disastrous 
results. Any method of determining carbon monoxide should be accurate to 
0.001% or less if it is to be applicable to all environmental conditions. 


The subject of the toxicity of carbon monoxide, and the older methods of 
estimating this gas in air, have been reviewed at length by Drinker (1) and 
briefly by Katz (4). With the exception of more or less involved laboratory 
methods, such as the use of iodine pentoxide (3) and red mercuric oxide (8) 
at elevated temperatures, absorption of the carbon monoxide in blood by the 
Roughton and Van Slyke procedures (9), or oxidation of the carbon monoxide 
in a dried and carbon-dioxide-free sample over hopcalite at 100°C. and 
subsequent absorption of the carbon dioxide and acidimetric estimation (9) 


1 Manuscript received April 9, 1948. 


Contribution from Defence Research Chemical Laboratories and Division of Physics, 
National Research Laboratories, Ottawa, Canada. Issued as N.R.C. No. 1773. 


2 Research Scientist, Defence Research Chemical Laboratories (formerly Chemist, National 
Research Laboratories ). 


3 Physicist, National Research Laboratories. 
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there was, until recently, no rapid method sufficiently accurate for the deter- 
mination of carbon monoxide below 0.005%. The need for a rapid method 
of detecting concentrations in this range, particularly for aircraft, during 
World War II led to the development by the National Bureau of Standards 
of the United States (10) of a colorimetric indicator consisting of silica gel 
impregnated with palladium sulphate and ammonium molybdate. In field 
use a fairly close estimation of the concentration may be made by measuring 
the time at constant flow rate required to attain the color of a set of standard 
gel tubes. Accurate determinations may be made by a more complex labora- 
tory method involving the use of fresh indicating tubes exposed to known 
concentrations of gas. 


The material used in the present method was developed after a study by 
Katz and Halpern of the reaction between carbon monoxide and silver perman- 
ganate deposited on various metallic oxide carriers in an active granular 
form (5), such as a mixture of 69 mole % silver permanganate and 31 mole % 
zinc oxide. Although crystalline silver permanganate in the dry state exhibits 
virtually no activity in the oxidation of carbon monoxide at ordinary tempera- 
tures, and only moderate activity when the moisture content of the crystals 
is held between about 5 to 10%, the rate of oxidation may be increased 
enormously by deposition on a suitable metallic oxide carrier. Such prepara- 
tions are then most active when the granules are thoroughly dry. The oxida- 
tion of carbon monoxide is quantitative and the concentration may be 
measured accurately by passage of the gas sample at a measured flow rate 
over these granules at room temperature. The material is nonhygroscopic 
and, unlike hopcalite, does not have to be protected by drying agents. 

Hopcalite is a catalyst that has been used since World War I for the oxida- 
tion of carbon monoxide in air, either in gas mask canisters or in direct indicat- 
ing instruments. It is a specially prepared granular mixture of manganese 
dioxide and cupric oxide (2). Owing to its susceptibility to poisoning by 
water vapor, this catalyst may be used only on dried gases, especially at 
ordinary temperatures. The silver permanganate — metallic oxide product, 
on the other hand, requires a small amount of water vapor to initiate the 
oxidation of carbon monoxide and in this respect its behavior is similar to that 
of palladium chloride. However, the water vapor normally present in air 
under all ordinary humidity conditions is more than sufficient for this purpose. 

The principle that is widely used in the construction of direct indicating 
hopcalite carbon monoxide instruments is the measurement of the heat of 
reaction by means of differential thermocouples (6, 7). The oxidation of 
carbon monoxide according to the equation 2CO + O: — 2COk, liberates 
67,960 gm.-cal. per gram-molecule of carbon monoxide and this heat increases 
the temperature of the gases and components of a reaction cell. If the con- 
centration and space velocity of the reacting gases are maintained constant, a 
steady temperature state will soon be reached in which the temperature rise 
indicated or the electric potential generated is a measure of the concentration. 
Such an instrument, in order to measure rapidly concentrations below 0.01%, 
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must be capable of accurate and rapid adjustment of the zero reading when 
operating on carbon-monoxide-free air, and not be subject to appreciable 
adsorption effects from carbon dioxide or water vapor. Such requirements 
are not met by the use of hopcalite, except at temperatures of 100° C. or 
higher, and this produces an undesirable complication in hopcalite instruments, 
if portability and simplicity of the apparatus are of prime importance. 


The above principle has been employed in the present work in the mea- 
surement of low gas concentrations by means of the potential generated 
in a thermocouple cell. 

Experimental 


The apparatus used in the preparation of the gas—air mixtures and in the 
measurement of flow rate, and the general arrangement of constant pressure 
devices, are shown in Fig. 1. The carbon monoxide was prepared by the 
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Fic. 1. Apparatus for the preparation of dilute mixtures of carbon monoxide and hydrogen 
in air, and for measurement of gas flow. 


action of formic acid on hot concentrated sulphuric acid in a generator, as 
shown, and purified by passage through two wash bottles containing 30% 
potassium hydroxide and a soda lime tower, or, alternatively, carbon mon- 
oxide from a high pressure cylinder was used. In experiments where the con- 
centration was maintained constant, the gas was delivered from the carbon 
monoxide reservoir under a constant head of water and measured by means of 
a calibrated capillary flowmeter, the manometer height being determined by a 
cathetometer. Compressed air was used for diluting the gas to the required 
concentration and was first passed into a gas chamber of volume 26.5 cu. ft. 
This chamber and the flow regulator enabled a very steady flow to be main- 
tained to the thermocouple cell. The rates of flow from the gas chamber and 
to the thermocouple cell were measured by calibrated glass rotameter tubes 
containing aluminum floats. The gas chamber, equipped with mixing fan, 
was also utilized for the preparation of carbon monoxide — air mixtures 
in which the initial concentration was decreased at a known rate. 
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The gas concentrations were determined accurately by collecting instan- 
taneous samples in evacuated glass bulbs of about 500 or 1000 ml. capacity 
and analyzing a known volume in an iodine pentoxide apparatus shown in 
Fig. 2. Tube A contained granules of the silver permanganate complex and 





Fic. 2. Diagram of iodine pentoxide apparatus for the analysis of dilute mixtures of 
carbon monoxide in air. 


was used only to pass carbon-monoxide-free air through the apparatus. The 
sample was admitted at the manifold between A and B. The bubbler B 
contained concentrated sulphuric acid and was followed by a U-tube, C, filled 
with pumice granules moistened with chromic — sulphuric acid mixture, a 
liquid air trap, D, packed with glass wool, a U-tube, £, containing magnesium 
perchlorate and phosphorus pentoxide, and the iodine pentoxide tube, F, 
maintained in a constant temperature bath at 155°C. The iodine liberated 
according to the reaction, 1,0; + 5CO = Iz + 5CQO, was absorbed in the 
bulb, G, by about 5 ml. of 10% potassium iodide solution and the contents of 
this bulb was analyzed by titration against standardized 0.002 N sodium 
thiosulphate or sodium arsenite solution (0.005 N for the higher concentra- 
tions) with a microburette reading to0.01ml. Sharp end points were obtained 
in the titrations with freshly prepared starch indicator. The gas sample was 
passed through the apparatus at 25 to 40 ml. per min. and the train swept 
out with carbon-monoxide-free air for about one hour or longer to ensure 
complete removal of the sample and of the iodine liberated in the reaction. 
Blank determinations were made on laboratory air, but these were usually 
negative or at most equivalent to about 5 p.p.m. of carbon monoxide in air 
by volume. 

The granular reagent used in this work was a preparation containing 
31 mole % zinc oxide of average particle size about 0.90 mm. The method 
of preparing this material is described elsewhere (5), but the essential features 
are uniform deposition of the silver salt on the zinc oxide carrier, pressing of 
the moist filter cake in a mold at 3 to 5 tons per sq. in., and subsequent air 
drying of the graded material for 72 hr. at 60°C. Dry samples stored in 
ordinary brown glass bottles have shown no appreciable diminution in activity 
towards carbon monoxide after storage for two years at room temperature. 


1. Thermal Efficiency 


The maximum temperature rise attainable experimentally in the oxidation 
of carbon monoxide by passing this gas through a simple cell containing 
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granules of the reagent, and the thermoelectric efficiency, were determined 
with copper-constantan thermocouples and a Tinsley potentiometer. The 
cold junctions were maintained at 0° C. in an ice bath. 
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Fic. 3. Diagram of experimental thermocouple cell showing the space arrangement of 10 
copper—constantan couples. 


The reaction tube, shown in Fig. 3, contained 10 thermocouples embedded 
at fixed depths, with the hot junctions in the center. The tube was 1.0 in. 
in diameter and contained a sintered glass disk near the bottom. The gas 
mixture, under slight pressure, entered at the top and after passing through 
the bed of granules emerged at the bottom of this tube. The granular bed 
extended to 0.25 in. above the top thermocouple. The tube was insulated 
with asbestos. 


The average pressure drop between the inlet and outlet ends of this 
thermocouple cell was determined by a mercury manometer (one end was 
open to the atmosphere) and cathetometer. At the highest flow rate used in 
these experiments, about 12 liters per min., this difference was about 15 mm. 
above barometric pressure. 

The maximum temperature rise corresponding to a given set of experimental 
conditions at constant flow rate, concentration of carbon monoxide, tempera- 
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ture, pressure, and relative humidity of influent gas, was determined by 
measuring the potential at various depths in the reaction mass after tempera- 
ture equilibrium in the system had been attained. The following data were 
obtained in three experiments in which the concentration of carbon monoxide 
was maintained at 0.0183% (183 p.p.m.). The temperature of the influent 
gas mixture was 21.1°C., the average pressure was 778.5 mm., the flow rate 
12.1 liters per min., and the relative humidity 30%. (See Appendix A for 
details of the calculations.) 

Theoretically, the heat liberated in the conversion of carbon monoxide to 
carbon dioxide under the above conditions is 0.5279 gm.-cal. from 183 p.p.m., 
and the total heat required to raise the temperature of the air, carbon dioxide, 
and water vapor is 0.298 gm.-cal. per °C. This gives a theoretical tempera- 
ture rise of 1.770°C. The above calculations are based on a unit volume of 
1 liter of air and carbon monoxide mixture. 


The average of the highest potential difference readings found experi- 
mentally was 58.0 ywv., and since a single couple gives rise to an e.m.f. of 
40.3 uv. per ° C., the highest temperature rise indicated was 1.439°C. The 
thermal efficiency is therefore 81.3%. Other experiments at a flow rate of 
6.0 liters per min. indicated an efficiency of 65.2%. 


At the 12 liter per min. flow rate, the maximum temperature rise was shown 
by the thermocouples located at 2.25 to 2.75 in. below the surface of the 
reaction bed, whereas at 6 liters per min. the maximum was reached at a depth 
of 1.25 to 1.75 in. 


2. Relation between Concentration and E.M.F. 


The potentials generated in a metal cell containing 55 differential thermo- 
couples (obtained from Mines Safety Appliance Co.) were determined at 
various concentrations of carbon monoxide in the range of 0 to 600 p.p.m. 
The cold junction end of the thermocouple cell was filled with inactivated 
material or granular pumice. The gas mixtures were passed through the 
cell, which contained 41 gm. or 20 cc. of the reactive granules, at a flow rate 
of 6.5 liters per min. An instantaneous gas sample was collected in an 
evacuated glass flask at each potentiometer reading and analyzed by the 
iodine pentoxide method. 


The plot of carbon monoxide concentration in parts per million against the 
potential in microvolts is shown in Fig. 4. The straight line was drawn after 
a statistical analysis of the results and indicates a potential of 10.0 mv. at 
527 p.p.m. of carbon monoxide. 


The potential corresponding to a given carbon monoxide concentration is 
attained quite rapidly, in about three or four minutes, and on carbon- 
monoxide-free air the initial zero reading or adjustment may also be made 
within five minutes. There are no noticeable adsorption effects of water 
vapor or carbon dioxide. 
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3. Effect of Gas Flow Rate 


At a uniform concentration of carbon monoxide the heat liberated in the 
reaction cell during oxidation and consequently the potential developed by 
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Fic. 4. Relation between e.m.f. and concentration of carbon monoxide in a 55-couple cell. 
Flow rate, 6.5 liters per min. at room temperature. 


the thermocouples will depend upon the flow rate or space velocity. The 
conversion of carbon monoxide to carbon dioxide is complete at the space 
velocities used in this investigation. 


The effect of increasing the flow rate at various uniform concentrations of 
carbon monoxide in the multi-thermocouple cell containing 20 cc. of granular 
material is shown in Fig. 5. The temperature, and consequently the e.m.f., 
rises until eventually a condition is reached when all the heat generated is 
dissipated by conduction, by raising the temperature of the gas stream and 
of the component parts of the cell. When this condition is approached, a 
relatively large increase in flow rate causes only a small change in potential. 

At excessive flow rates, a definite amount of carbon monoxide may pass 
through the cell without oxidation. On the other hand, when the flow rate 
is below 6 liters per min., a small variation in flow may cause a large change in 
potential, especially with high concentrations of carbon monoxide. 

The sensitivity or speed of response to carbon monoxide becomes greater at 
the higher flow rates because the maximum temperature is attained more 
rapidly. It is desirable in actual practice to strike a balance between all 
these factors. 


4. Effect of Volume of Granule Bed 


The effect of increasing the depth of the active bed of granules in the multi- 
thermocouple cell is shown in Fig. 6. The concentration in these experiments 
was maintained at 380 p.p.m. of carbon monoxide and the flow rate at 6.5 
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liters per min. The cell volume was 20.0 cc. and this volume held 41.4 gm. 
of active material. The depth of bed was varied by filling the unoccupied 
space with granular pumice of approximately the same size as that of the 
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Fic. 5. Effect of flow rate on e.m.f. in 55-couple cell at various gas concentrations. 


reagent. When the cell was filled with only a small volume of active material, 
it was necessary to dispose this layer so as to cover the thermal junctions of 
the couples and to fill the space above and below this layer with pumice. The 
size of the reagent bed is given in terms of volume rather than depth because 
of the variable cross section of the cell. 

The potential increased rapidly with increasing volume of reagent until the 
cell was about half full. Thereafter the potential decreased because the heat 
was generated in the upper layers of the reacting bed of granules, remote from 
the thermocouple junctions, and, hence, some heat was dissipated in the 
intervening layers between the zone of reaction and the junctions. 


5. Effect of Hydrogen 


The active granules of silver permanganate will oxidize carbon monoxide 
at a much greater rate than hydrogen at ordinary temperatures. The 
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influence of successive additions of hydrogen to carbon monoxide —air 
mixtures is shown in Fig. 7. In these experiments the cell was always filled 
with 41.4 gm. of material, the flow rate was maintained at 6.5 liters per min., 
and the gas temperature was about 21° to 23° C. 
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Fic. 6. Effect of volume of granular silver permanganate bed on potential in thermocouple 
cell during oxidation of 380 p.p.m. of carbon monoxide at 6.5 liters per min. 


Virtually straight line relations between the concentration and e.m.f. were 
obtained with successive admixtures of hydrogen up to about 0.5%, when 
the carbon monoxide concentration was varied from 75 to about 700 p.p.m. 
The e.m.f. was increased only slightly by the presence of hydrogen. Thus, 
in the absence of carbon monoxide, about 0.5% hydrogen in air at the above 
flow rate showed a small temperature rise equivalent to a potentiometer 
reading of 700 pv. 

If a gas mixture contained twice as much hydrogen as carbon monoxide, 
for example, 0.06% carbon monoxide and 0.12% hydrogen, and if the 
apparatus were calibrated for carbon monoxide only, the error in the reading 
would be about 1.3%. For practical purposes, the influence of hydrogen on 
the carbon monoxide calibration curve may be neglected under the usual 
conditions of measurement in a contaminated atmosphere. The gases 
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liberated from the incomplete combustion of fuels or exhaust gas from internal 
combustion engines usually contain much less hydrogen than carbon monoxide. 


6. Relative Humidity and Temperature of Gas Stream 


In the range of about 30 to 100% relative humidity of the air, the combus- 
tion of carbon monoxide on the surface of these granules is equally efficient 
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_Fic. 7. Effect of hydrogen on the relation between e.m.f. and carbon monoxide concentra- 
tion. Gas flow through thermocouple cell, 6.5 liters per min. at room temperature. 


and a single calibration curve will suffice. However, with air mixtures of 
very low humidity, i.e., less than 20%, the rate of oxidation is influenced by 
an induction period. Furthermore, the granules are almost inactive in 
completely dry air. In such instances the necessary humidity may be 
imparted to the gas stream by passing the sample through a small bubbler of 
water. 

The experimental data discussed thus far were obtained at room tempera- 
ture, 21° to 23° C., but the material may be used just as effectively at higher 
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temperatures up to 60°C. Beyond this temperature the velocity of decom- 
position of the silver permanganate becomes appreciable and this limits the 
active life of the granules. 

At low temperatures the activity of the material decreases quite rapidly 
from 0° to — 20°C. About 95 to 97% of the carbon monoxide, in an air 
stream containing 0.5%, is oxidized to carbon dioxide at 0° C. at a space 
velocity of 800 cc. per cm.? per min., but the life of the granules is reduced to 
about 50 to 60% of the value at room temperature. 

The method is therefore not suited to the measurement of carbon monoxide 
at low temperatures unless the granular material is maintained at tempera- 
tures above 0° C. by a heater unit. In a number of experiments in which the 
gas stream was cooled to — 20° C. or lower by passage through a cooling coil 
immersed in solid carbon dioxide and acetone, or liquid air, the temperature 
rise in the thermocouple cell was of the right order of magnitude as long as 
the mass of solid reagent was not cooled to the temperature of the influent gas. 


7. Active Life of Granules 


The zinc oxide—silver permanganate granules eventually lose their capacity 
to oxidize carbon monoxide on prolonged exposure, owing to the irreversible 
depletion of oxygen from the silver salt during the progress of the stoichio- 
metric reaction. The active life, at ordinary temperature and relative 
humidity, is determined by the concentration and space velocity of the gas 
mixture, the time of exposure, and the volume or column length of the bed 
of granules. 

If it is assumed that the material in the thermocouple cell must be replaced 
when the efficiency of oxidation falls to 99%, then a bed of 25.0 cc. volume 
and depth of 5.0 cm. will have an active life of over eight hours of continuous 
service if a gas mixture containing 0.10% carbon monoxide is passed through 
it at a space velocity of 800 cc. per cm.? per min. Under less rigorous test 
conditions the service life would be proportionately longer. 


An indicating instrument for the determination of physiologically significant 
concentrations of carbon monoxide in contaminated air would normally be 
used on intermittent test periods over the range of 0 to about 500 p.p.m. 
Under such conditions the cell would not need to be refilled with fresh granules 
until the total exposure amounted to about 16 hr. 


Discussion 


The oxidation of carbon monoxide at ordinary temperatures by silver 
permanganate deposited on a zinc oxide carrier has been utilized in a rapid 
method for the determination of low concentrations of carbon monoxide. 
With a conventional multi-thermocouple cell and a potentiometer that will 
measure e.m.f. to 1 wv., the concentration may be determined to within a 
few parts per million. Results accurate to 5 p.p.m., in the range of concen- 
tration from 10 to 200 p.p.m., have been obtained by measuring the e.m.f. 
with a Universal Polyranger. 
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The granules possess adequate hardness and may be graded to — 14, + 20 
mesh for use as an indicator material. The carbon monoxide measurements 
are reproducible during the active life of a given quantity of material. While 
a small amount of water vapor is necessary to initiate oxidation, the relative 
humidity of the gas stream may be increased from 30 to 100% without any 
noticeable change in the calibration curve. The temperature equilibrium 
corresponding to a given carbon monoxide concentration is attained rapidly, 
usually within four minutes. 

The thermoelectric measurements indicate a linear relation between con- 
centration and potential. With increasing flow rate at a uniform gas concen- 
tration, the potential rises rapidly at first but more slowly thereafter so that 
relatively large variations in flow rate have only a small influence on the e.m.f. 
in this region. The volume of the granular bed must be maintained constant 
in a given thermocouple cell, as variations in the depth of bed may cause major 
changes in potential. With increasing depth of bed the potential curve at 
constant gas concentration and flow rate passes through a maximum. 

Hydrogen may be present in the gas mixture in amounts considerably in 
excess of that of the carbon monoxide without introducing an appreciable error 
in the determination. The concentration of hydrogen in the combustion 
products of fuels is usually less than that of the carbon monoxide. 


The special properties of these silver permanganate granules, in particular 
their stability in the presence of water vapor and their freedom from adsorption 
and poisoning effects, make this oxidant eminently suitable for the rapid 


determination of low concentrations of carbon monoxide in aircraft, motorized 
vehicles, mines, and buildings where the air is likely to be contaminated by 


this gas. 
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Appendix A 


Calculation of Maximum Thermoelectric Effect in Thermocouple Cell during 
Oxidation of Carbon Monoxide 
The calculations are based on a unit volume of 1 liter of air and carbon 
monoxide mixture at 21.1° C., an average pressure of 778.5 mm. within the 
cell between the inlet and outlet ends (Fig. 3), a concentration of 0.0183%, 
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and a relative humidity of 30%. The specific heats, or C, values, have been 
obtained from data in the Handbook of Physical Constants, Geological 
Society of America, 1942. 











Gas Density at 21.1°C. and Specific heat, 
778.5 mm., gm. /liter Cp at 21.1°C., cal./gm. 












CO 1.1886 - 

CO, 1.8797 0.19895 
Air 1.2293 0.24053 
H,0 vapor — 0.44354 
















Heat of combustion, carbon monoxide to carbon dioxide = 67,960 gm.-cal. 
per gram-molecule, or 2,427 gm.-cal. per gm. 





















Mass of carbon monoxide in grams per liter = 1.1886 XK 0.000183 =0.0002175 
Mass of water vapor in air at 30% relative humidity, in grams per liter 
= 0.005445 

Heat liberated during oxidation of 0.0183% carbon monoxide 

= 0.0002175 XK 2427 

= 0.5279 gm.-cal. 
Heat required for the carbon dioxide 

= 1.8797 X 0.000183 X 0.19895 = 0.00006843 cal. per ° C. 
Heat required for the air = 1.2293 K 0.24053 X 0.9997 = 0.2957 cal. per °C. 
Heat required for the water vapor = 0.005445 X0.44354=0.002415 cal. per°C. | 
Total calories per degree Centigrade for the carbon dioxide, air, and water 
vapor = 0.298183 


‘ ; 0.5279 
Theoretical temperature rise = 


0.29818 
One copper-constantan couple was found, experimentally, to yield an 
average e.m.f. of 58.0 wv. during the oxidation of 0.0183% carbon monoxide, 
and since this couple indicates a potential of 40.3 wv. per °C., the temperature 
rise measured actually was 1.439° C. 


= 1.770°C. 


Percentage of theoretical temperature rise attained in cell 


1.439 X 100 _ 
= a = 81.3. 
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PHOTOMETRY AND COLORIMETRY OF RAILROAD FUSEES'! 


By W. E. KNow.Les MIDDLETON 


Abstract 


In connection with the preparation of a standard specification, it became 
necessary to investigate the luminous intensity and color of a large number of 
railroad fusees. ‘The rapid and wide fluctuations in intensity made it necessary 
to use special methods of colorimetry. The intensity was recorded by a high- 
speed auacteesiie potentiometer and a barrier-layer photocell with correcting 
filter. To the pen carriage of the potentiometer was attached a special 
diaphragm which, with a lens and slit, acted as a ‘light valve’ to keep the flux 
into the colorimeter at a constant level over a range of about four toone. The 
very rapid flickering was, of course, not entirely eliminated. Visual colorimetry 
was used, the comparison field being produced in the lower half of a divided 
integrating sphere, the upper half of which received light from the fusee under 
test. The field, 2° in diameter, could be observed with both eyes. The accuracy 
of the colorimetry was made adequate by a careful choice of filters, advantage 
being taken of a fortunate circumstance regarding the color of the fusees. The 
results of testing more than 200 fusees are summarized. 


Introduction 


As part of the ground work for a.comprehensive specification for the safety 
fusees used by the Canadian railways, the writer was asked to measure the 
intensity and color of the light from a large number of fusees, and to make 
recommendations based on the data obtained. No particular problems arise 
in the photometry of such sources, but the colorimetry of a flame that flickers 
violently is by no means easy, and it is felt that the methods used may be of 
general interest. 


The fusees used by the Canadian railways are of two colors, red and 
yellow. They consist of a suitable composition packed into a rolled paper 
tube (sometimes reinforced by a layer of textile material), sealed by a remov- 
able cap having a safety match composition on its end, which is used to light 
the fusee. A spike at the lower end of the fusee is supposed to stick in the 
tie or ballast when the fusee is dropped from the rear platform of the train. 
All Canadian fusees have a nominal burning time of 10 min. 


Photometry 


The fusee was burned in a fume cabinet, and its intensity in a specified 
direction was continuously recorded by a photometer consisting of a barrier- 
layer photocell and a Brown ‘electronic’ potentiometer of the high-speed type. 
This gave a satisfactory record of the fluctuations in the light from the fusee. 
The photocell was provided with a filter that made its spectral sensitivity 
match the luminosity curve of the normal eye very closely. A sample record 
is shown in Fig. 1. The time-scale gives an automatic record of the burning 


1 Manuscript received April 15, 1948. 
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time, while the mean candle power can be found by estimation or with a 
planimeter. 

It was decided to burn all fusees at an angle of 20° to the vertical in the 
plane containing the photocell, and pointing away from it. The large fluctua- 
tions in the light are due mainly to ‘chimneying’, the formation of a tube of 
slag that partly hides the flame, and may reduce the light almost to zero 
before it breaks away. 

The mean intensity of the fusees varied from about 150 candles to less than 
50. Short bursts of over 250 candles were fairly common. 


Colorimetry 


The modern tendency in the colorimetry of light sources is to use photo- 
electric methods with three or four filters, such as have been described by 
Barnes (2). With such a variable source as a fusee, however, it would be 
necessary to make simultaneous and instantaneous measurements with all 
the filters. This would involve three or four photocells (probably photo- 
emissive cells), three or four special filters, and an equal number of cathode- 
ray oscilloscopes and cameras, or similar apparatus. Small but important 
fluctuations in color, not serious in themselves, seemed to rule out the alterna- 
tive method of measuring the relative responses of three or four filters two at 
a time. Since the problem did not seem to warrant, nor time permit, the 
development of the special filters required, it was decided to forego photo- 
electric methods. 

This left (a) photographic spectroradiometry and (b) visual colorimetry. 
Fig. 2 shows the spectra of typical red and yellow fusees, the strontium, 
potassium, and sodium lines being easily recognizable features. Note that 
there is little energy at wave lengths less than 5889 A, but the barium lines 
are visible in the spectrum of the yellow fusee. In view of the large number 
of fusees that had to be tested and the tediousness and difficulty of the photo- 
graphic method, visual colorimetry was rather reluctantly decided upon. As 
it turned out, a number of fortunate circumstances combined to reduce the 
difficulty of this method for the particular fusees in question. 


Apparatus 


The apparatus, shown diagrammatically in Fig. 3, consisted of four main 
parts: 


(A) A mechanism for keeping the flame on the center line of the optical 
system, 

(B) The barrier-layer photocell referred to above, 

(C) A ‘light-valve’ operated by the Brown potentiometer, and a lens to 
form an image of the flame on the wall of 

(D) A sphere, internally whitened with magnesium oxide, and divided into 
two hemispheres by a horizontal whitened plate. Light from the fusee enters 
the upper hemisphere, while into the lower hemisphere light is sent from 





Fic. 1. Photometer record of red fusee. 


Hg. ARC 


RED 


YELLOW 


Fic. 2. Spectra of red and of yellow fusees, with mercury arc spectrum for comparison. 
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(E) A color-mixing device consisting of a lamp, a condensing lens, and three 
sectors of variable angle, provided with red, green, and blue filters, respectively. 
This part of the apparatus is very similar to the corresponding part of the 
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FiG.%3. General arrangement of apparatus. A, B, C, D, E, see text; R, thyratron relay 
circuit; ,T, decade resistance box; V, vertical section through sphere. 


Donaldson colorimeter (3), except that sectors were used instead of slides. In 
addition, a small source of blue light was provided for desaturating the light 
from the fusee. 

This apparatus, which will now be described in more detail, was by no means 
of permanent construction, being set up entirely for these tests. Nevertheless, 
a good deal of care was taken with the essential parts, especially the sectors. 

The mechanism A is shown in Fig. 4, and consists essentially of a holder for 
the fusee, mounted on a nut that is driven up or down a screw by a reversing 
motor. The screw is inclined at an angle of 20° to the vertical. When an 
image of the flame is thrown by a lens on to a photocell, a relay closes and 
causes the motor to raise the fusee until the image just clears the photocell 
slit. This action is repeated every few seconds during the time of burning, 
the flame being kept satisfactorily centered on the optical axis. The motor 
is reversed by a manual switch at the end of the run. Limit switches are 
provided. The screw is surrounded as completely as possible by sheet steel 
in order to protect it from the molten slag, which is projected in all directions. 


The light valve C is shown in Fig. 5. It consists of a light aluminum struc- 
ture with two opposed curved edges, mounted on the pen carriage of the 
Brown potentiometer. Just behind this is mounted a vertical slit about 1 cm. 
wide, and a positive lens that forms an image of the fusee flame on the opening 
in the upper half of the sphere D. Acting together, the vertical slit and the 
aperture with curved edges form a stop for the lens, of which the area is 
approximately inversely proportional to the deflection of the potentiometer, 
and thus to the illumination of the photocell B. In this way the general level 
of brightness in the upper half of the sphere is kept fairly constant as long as 
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the intensity of the fusee does not fall below about 50 candles. The potenti- 
ometer does not, of course, follow the rapid flickering of the flame, but the 
maintenance of an approximately uniform brightness in the sphere makes 


colorimetry possible. 
fy 
|/ 





Fic. 5. ‘Light valve’. The sketch of portion of the recording potentiometer is purely schematic. 


The sphere D needs little further description, except to note that a double 
prism of narrow angle is used to make the dividing line inconspicuous. The 
two-part circular field that results is observed binocularly from such a distance 
that its angular diameter is about 2°. The possibility of binocular observation 
is a great comfort in the difficult task of matching the color of the flickering 
flame*, and indeed dictated the general design of this part of the apparatus. 

The color-mixing device is completely conventional. The lamp is a 500 w. 
projection lamp operated at the temperature of I.C.I. source ‘A’ on alternating 


* A somewhat similar use of a divided sphere has been described by Van den Akker (7). 
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current regulated to 0.1 v. The filters are Wratten 70 for the red, Wratten 
74 for the green, and Wratten 49B for the blue. A 40%, neutral filter is used 
behind the green filter to give better scale readings. 

As it was obvious that blue would be the only color needed for desaturation, 
a small projector was provided, run from a storage battery, in lieu of the 
complications involved in getting the desaturating light from the main source. 


The apparatus was carefully screened to exclude stray light, but the screens 
have not been shown in Fig. 3. 


Calibration 


The calibration followed the usual procedure (6; 8, p. 103), except that the 
scales of the color-mixing apparatus were calibrated with a photoelectric 
photometer that reads on a potentiometer of great accuracy. An observer 
with approximately normal color vision was selected to make the routine 
observations, and each morning he first made at least three matches on source 
‘A’ (substituted for the fusees), from the average of which the conversion 
equations for the day were calculated. 

In order to show the necessity of this routine, Fig. 6 is presented. The 
points in this figure were calculated as follows. The ratio of green to red 


ASS (AGO 


Fic. 6. Variations in color vision of the observer (see text). 


(corrected sector readings) in the match on source ‘A’ was written down for 
each of the 24 days on which color measurements were made, and the mean 
value taken. Using the conversion equations for a day on which the green-red 
ratio was near this average, the color of source ‘A’ was calculated from the 
mean of each day’s settings. The figures beside each point represent the 
elapsed time in days from the first measurement, this being counted as Day 1 
(Dec. 5, 1947). The cross shows the co-ordinates of source ‘A’ as officially 
defined. Apart from the fact that Day 1 is displaced towards purple, there 
seems to be no trend in the observations, and even Day 64, representing a 
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match made after an interval of 22 days during which the observer did no 
colorimetry, is well within the general variation. If we ascribe the result for 
Day 1 to unfamiliarity with the apparatus, the remaining points may be 
considered to represent the variation in the color vision of the observer from 
one day to another. 

The question is now whether this variation is properly compensated by the 
technique of making a daily match on source ‘A’. If it were not, we should 
expect some correlation between the values of y, say, plotted in Fig. 6, and 
the corresponding means of the y-values for the red fusees measured on the 
days in question. The correlation coefficient between these quantities, 
calculated by the product-moment method, is + 0.02. If we confine the 
sample to the days before number 26, including only fusees less than three 
years old, the coefficient of correlation is — 0.03. Since these coefficients are 
negligible, it appears that the technique of matching source ‘A’ each morning 
does actually compensate almost completely for the variations in the color 
vision of the observer. 


The trichromatic co-ordinates of the filters, used with I.C.I. source ‘A’, 
were determined with a recording spectrophotometer, and are as shown in 


Table I. 
TABLE I 











Filter 


Wratten No. 70 (Red) 0.7322 0.0000 


0d “«« 74 (Green) + Neutral 40% 0.2125 0.0357 
_ “ 49B (Blue) 0.1506 0.8230 


These colors are plotted on the standard I.C.J. chromaticity diagram in 
Fig. 7, and it will be seen that the green filter is much yellower than one would 
choose for general colorimetry. This has the advantage that all mixtures of 
red and green from the filters are of high saturation. 


Colorimetric Procedure 


Five matches were made on each fusee, spaced about two minutes apart 
during the 10 min. available. At first a small amount of blue light was added 
to the light from the fusee, which was itself always more saturated than any 
mixture of the three filter colors; but great difficulty was experienced in 
deciding on the amount of blue to use in the extremely awkward match 
between the flickering light from the fusee and the steady light in the lower 
part of the field. There was little uncertainty in the relative amounts of red 
and green to be used, and, when the results of a number of matches on red 
fusees were plotted, they all lay close to a line that, if produced, would pass 
through the point representing the blue filter. A similar line was obtained 
for the yellow fusees. At the same time the observer felt unhappy about the 
entire procedure. 
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At this point it was noted that the color of the fusees could be restricted to 
a very small region of the diagram. with almost complete certainty (especially 
in the case of the red fusees) by operating without any desaturating light and 
making use of the observation that the color of the light from the fusee was 
always more saturated than that produced with the red and green filters alone. 
This reduced the colorimetry to a two-dimensional problem, and located the 
colors in small regions between the line R-G and the spectrum locus (Fig. 7). 
A careful watch was kept for fusees giving a light less saturated than the 
mixture of red and green, but without success except for one or two red fusees 
more than 30 years old, which were just doubtful. 


° 10 .20 = .30 40 ~—«w -60 


Fic. 7. I.C.I. chromaticity diagram, showing the spectrum locus and the chromaticity of 
the three colors used in the colorimeter. The rectangle in dashed lines shows the portion of the 
diagram included in Fig. 7. 


Results of Colorimetry 


The main results of the colorimetry are shown concisely in Fig. 8, which 
represents that portion of the chromaticity diagram within the small rectangle 


in Fig. 7. A portion of the spectrum locus, and of the line R-G, will readily 
be identified. 


As mentioned above, the colors of all the fusees certainly lay between the 
line R-G and the spectrum locus. The mean of five observations on a fusee 
gave a probable error in y of the order of + 0.002. The colors are therefore 
represented by quadrilateral figures, cross-hatched in Fig. 8, within which 
the central 90% of each type lay. When it is considered that these fusees 
were manufactured over a period of more than 30 years, the constancy in 
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color is remarkable. If any two red fusees, selected at random, had been 
burnt side by side and observed from a considerable distance, it is unlikely 
that any difference in color would have been perceived.* The yellow fusees 
show scarcely any more variation. It is true that all the fusees in question 
were of the same manufacture, but tests on a small number of recent fusees 
from about 10 different sources in the United States showed only slightly 
greater differences. None of the latter, incidentally, gave colors less saturated 
than the combination of the red and green filters. 


CII Titi tii tit rs ae ee Pitter 


H 
FF 9 
c 


Fic. 8. Portion of the chromaticity diagram, greatly enlarged. 


In order that the probable appearance of these colors may be determined, 
some curves obtained by Hill (4) have been plotted in Fig. 8. These curves 
show the percentage of times that an observer with normal color vision will 


* The writer knows no data relating to point sources that would permit a more positive state- 
ment than this. 
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distinguish a given color at night when it is viewed as a point source and 
produces an illumination of 2 lumens per square mile at the eye. Nearly all 
the red fusees will be judged red under these conditions more than 90% of the 
time. For the yellow fusees the situation is not nearly as satisfactory; 
indeed, they might all be frequently mistaken for red. Since the effect of 
haze and smoke is almost* invariably to make composite yellow lights look 
redder, there might be many conditions when a yellow fusee for which 
y = 0.385 or thereabouts would be red to an observer at a distance. Since 
red means ‘stop’, such a misinterpretation would, of course, be on the safe side. 

For comparison, the A.A.R. (1, p. 3) signal limits are shown in Fig. 8 by 
double outlines. The red limits extend beyond the drawing to the end of the 
spectrum. 

The color of the red fusees would be described as ‘reddish orange’ on the 
N.B.S. system of naming light sources (5). 


Conclusion 


The writer hopes that this paper may draw attention to the fact that visual 
colorimetry, an unpopular procedure on this continent, may still be useful 
under special circumstances. The calibration of a trichromatic colorimeter, 
at least, ought to be part of the education of every colorimetrist for the insight 
it gives into the properties of the mixture diagram; this is written with no 
intent to minimize the possible errors of visual colorimetry. 

The technique described in this paper is obviously not suited to the routine 
examination of fusees for color. Work on a suitable test is in progress. 
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GRAPHICAL ANALYSIS OF CATHODE COUPLED AMPLIFIERS! 


By Hucu A. WATSON 


Abstract 


A graphical means of design and gain calculation for cathode coupled amplifiers 
is described. The method, based on data supplied by the plate characteristic 
curves of the tube, can be used to advantage in predicting the performance of the 
amplifier and in determining the zero signal operating conditions. 


Introduction 


A number of papers have recently appeared in the technical publications on 
the characteristics and applications of cathode coupled twin triode amplifiers. 
Evidence has been given that these amplifiers can be designed to have a gain 
comparable to that of a pentode for radio frequency or video amplification 
purposes. It has further been pointed out that less grid noise is apparent in 
their output, that the twin triode with common cathode is cheaper to construct 
than a pentode of equal transconductance, and that the elimination of a 
screen supply dropping resistor and by-pass capacitor makes the stage more 
compact. These advantages, coupled with large bandwidth properties, have 
resulted in cathode coupled amplifiers finding increasing use where video gain 
is required. 


| BR 


Fic. 1. Cathode coupled amplifier and equivalent network. 


The basic circuit is shown in Fig. 1. A cathode follower unit drives a 
second stage operating as a triode with grounded grid. For purposes of 
analysis it must be assumed that the zero signal potential of the grid of the 
first unit is that of ground, or is biased at a known potential relative to ground. 


Graphical Design 


Starting with a set of plate characteristics for the twin triode and assuming 

a load resistance, R,, and supply voltage, E», a suitable bias, E,,.2, for the 
second unit is chosen. This is supplied by the cathode resistor. The bias 
for the first unit, E,,:, will be the sum of this and any additional externally 
applied bias. Two curves are then drawn on the sheet of plate characteristics. 
Curve 1 is a vertical line intersecting the voltage axis at Ey, — Ei. Curve 2 
1 Manuscript received in original form January 20, 1948, and, as revised, May 26, 1948. 


Contribution from the Electrical Engineering and Radio Branch, National Research 
Council of Canada. Issued as N.R.C. No. 1790. 
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is a line having a slope corresponding to the plate load resistor and intersecting 
the voltage axis at the same point as Curve 1. These curves represent 
graphically the relation between plate current and plate-to-cathode voltage 
for the first and second units, respectively. No account is taken of the 
variation in cathode potential, as usually it is of the order of less than half 
a per cent of the plate-to-cathode voltage. 


PLATE VOLTAGE 
Fic. 2. Curves 1 and 2. Fic. 3. Curves 3, 4, and 5. 


MILLIAMPERES 
MILLIAMPERES 


The value of the cathode resistor is found by dividing the voltage E,i2 by 
the sum of the zero-signal currents drawn by the two units. The zero-signal 
current drawn by the first unit is found from the intersection of Curve 1 and 
the plate characteristic corresponding to the bias, E,x:1, assumed for that unit. 
The zero-signal current drawn by the second unit is found from the inter- 


TYPE 6SN7 
Ri = 10,000 


-2 -4 -6 
E,- VOLTS 


Fic. 4. Cathode resistor and current values. 


section of Curve 2 and the plate characteristic for Eye. Fig. 4 shows the 
resistor values required for various bias voltages in the case of a 6SN7 with 
250 v. plate supply. 
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A new set of co-ordinates, é¢,,, representing the grid-to-cathode voltage are 
next marked on the voltage axis of the characteristics. Curves 1 and 2 are 
then redrawn on the new co-ordinates, becoming Curves 3 and 4, respectively. 
In order to transfer Curve 1 to the new co-ordinates, the intersection of each 
plate characteristic with Curve 1 is noted and a point is plotted having the 
same ordinate as the intersection and an abcissa on the new co-ordinates equal 
to the grid bias for which the plate characteristic was plotted. This procedure 
involves moving about eight points horizontally to new abcissae and drawing 
the resulting curve between them. In a similar manner, the intersections of 
Curve 2 with the plate characteristics are plotted on the new co-ordinates 
and Curve 4 is obtained. The resulting curves show the dynamic relation 
between plate current and grid-to-cathode voltage for the two units. 


Also on the new co-ordinates a straight line representing the current- 
voltage relation for the cathode resistor is drawn as Curve 5. Figs. 5, 6, and 7 


TYPE 6SN7 

Ep: 250V. E,=-6V. 

R,=310n R,=10,000n 
CATHODE SWING | V. 

GAIN = 4.2 




















MILLIAMPERES 











Fic. 5. Work sheet for a 6SN7 amplifier. 
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illustrate three complete amplifier designs with all curves drawn in place. 
The first unit of each amplifier has no additional bias applied, as it is not 
required in most applications. 
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MILLIAMPERES 
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HAE 
PASSO 


PLATE VOLTAGE 
Fic. 6. Work sheet for a 6J6 amplifier. 


To determine the gain, a small swing in cathode voltage is assumed. The 
points O; — A; corresponding to this swing are shown on Curve 2 of Fig. 5. 
Here the zero-signal cathode voltage, E;, is — 6 v., and an applied signal 
causes it to swing to — 5 v. The output swing, about — 11 v., is read as the 
difference in the abcissae of the points. On Curve 4 point A; becomes Az, 
the ordinate of the points being the current drawn by the second unit. How- 
ever, point B on Curve 5 gives the sum of the currents in the two units and 
the difference A,B must be the current drawn by the first unit. The broken 
lines show a geometrical construction for finding point C on Curve 3 corre- 
sponding to this current. The abcissa of C, namely, — 7.6 v., gives the 
grid-to-cathode voltage necessary for the unit to draw this current. The 
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voltage drop across the cathode resistor is given by the abcissa of point A», 
viz., — 5 v. and the difference, — 2.6 v., must be supplied by the input 
signal. This difference is shown as Ae; in the diagrams. Thus the gain 
. —i1!1 : ee ; 

ea 4.2, approximately. If any additional fixed bias had been 
applied to the first unit, this would have to be subtracted from the — 2.6 y. 
in order to obtain the input signal. 


TYPE 6SC7 
Ep=300V. E,=-2.5V. 
Ry=780.. R,=100K 
CATHODE SWING OSV. 
GAIN =17.7 
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PLATE VOLTAGE 
Fic. 7. Work sheet for a 6SC7 amplifier. 


An equal and opposite swing in cathode voltage should be investigated in a 
similar manner and results compared. If all voltages are symmetrical it may 
be assumed that little distortion is produced by the amplifier. If they are 
not equal, a lower cathode bias should generally be tried and a new calculation 
made. 

It will be noted that the plate currents in the two units are out of phase and 
hence subsequent similar units have little effect on each other owing to supply 
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voltage variations. We also find that the output voltage is in phase with the 
input. 
Theoretical Gain 
The equivalent circuit of the cathode coupled amplifier is shown in Fig. 1. 
Here the instantaneous plate currents in the two units are represented by 
i; and is, respectively, and the two plate resistances are represented by 751 
and r,2, respectively. The instantaneous input voltage is denoted by e;, and 
the instantaneous voltage across the cathode resistor, Ry, is denoted by ex. 
R, is the plate load resistance for the second unit. The symbol e,, is used 
to denote the grid-to-cathode voltage for the first triode only. The left-hand 
loop of the network corresponds to the first triode and the right-hand loop 
corresponds to the second triode. 
Since the sum of the voltages around the left-hand loop must be zero, we 

may write: 

itp + (41 — te) Re — meg = O. (1) 
But Meg: = M (ei — Cx) = Mes — M(t, — te) Re (2) 
therefore 

tilrer + Re (uw +.1))] — @ [Re (wu + 1)) = wei. (3) 
Similarly for the second loop we obtain: 

(t2 — 11) Re + to (rp2 + Rr) = mex = mw (ti — te) Ri, 
from which 

m4 ([Ri(ut+1)) — elre + Rit Re(ut+i1)] =0. 


Solving for iz from (3) and (5) we obtain: 





a me; Rx (mu + 1) 
2 Potp, + rok, + (ror + ree + Rr) Re (ue + 1)° 


Hence the gain produced by the amplifier is | by 


wR, ad MRR, (uw + 1 


e, rote + raRp + (rp + pet Ei ) Re (uw + 1) 
Using this expression, the theoretical gains of the amplifiers shown in Figs. 5, 
6 and 7, are tabulated below, together with the results obtained graphically 
and experimentally: 


(7) 


lype Ry Rr Ppt 


6SN7 310 10,000 7,400 8,900 
6J6 200 15,000 6,900 11,900 : 
6SC7 780 100 ,000 50,000 71,000 70 





Gain using (7) and 
values of r, listed 
in he andbooks 


Theoretical 


gain 


| 
Graphical Experimental 
solution gain 


4.2 
9.9 
18.7 — 


6SN7 
6J6 
a 6SC7_ 


Type _ (| 
“a 
| 
| 
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The graphical solution is provided as a more convenient method of gain 
determination. It may also be used to study the operating conditions of the 
amplifier and to determine the presence of distortion in the output. 
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NOTES 





Note on a Protective Grease for Threads Exposed 
Under Corrosive Conditions! 


In some problems connected with tropicalization of motor vehicles it 
became necessary to devise a method of protecting the threads of nuts and 
bolts to allow for easy removal. 

A steel plate, } in. thick, was drilled and tapped to take 3 in. bolts. The 
threads of the bolts and nuts were treated with the following: 

1. Light machine oil 

2. SAE 110 oil — Hypoid XP lubricant 

3. A commercial protective coating grease containing zinc chromate 
4. Aluminum stearate grease — commercial 


5. Inhibited aluminum stearate grease 


The inhibited aluminum stearate grease had the following composition: 
2% zine chromate (as used in paint formulation) 
5% graphite (fine flake) 
7% aluminum stearate 
0.02% stearic acid 
Remainder — acid and clay treated Columbia Distillate having a 
viscosity of approximately 90S.U.S. at 210° F. 


The graphite and zinc chromate were slurried with some of the oil and 
passed twice through a colloid mill or other shearing device to disperse them. 
The remainder of the oil and the other ingredients were then added and, after 
mixing in the cold, the dispersion was heated to 160° C. with constant stirring. 
This was then allowed to cool and let stand for a period of 24 hr. before using. 


The assembly was then tested as follows. The plate with the bolts and 
nuts was immersed in sea water for eight hours a day, and then put in a heat 
insulated jar containing water with the temperature at 50°C. After one 
hour in this cabinet, the heat was cut off and the atmosphere allowed to cool 
and condense slowly. This cycle was repeated every 24 hr. This combina- 
tion of sea water immersion and condensation is one of the most severe tests 
this laboratory has used. 

After 10 weeks under these conditions the assembly was tested for ease of 
removal of bolts. The bolts treated with machine oil only were seized com- 
pletely. It was just possible to turn the bolts treated with the hypoid 
lubricant. The ones treated with the two commercial greases could be turned 
with not too great difficulty. The ones treated with the special inhibited 
grease could be loosened by hand, and were by far the most easily turned. 


1 Issued as N.R.C No, 1789. 
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This grease has been tested with bolts and nuts holding together combinae) 
tions of metals and has also been made up in small batches and used under 
some rather bad corrosive conditions. In all cases its performance has bee 
satisfactory. 
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